Poly(hydroxamic acid) Functionalized Copper Catalyzed C–N Bond Formation Reactions by Islam, Md Shaharul et al.
Introduction
The addition reaction so-called
tions are important C–N bond
a wide range of applications in m
Traditionally, diﬀerent copper co
for these reactions such as fo
comproportionation,4 mixed C
situ reduction of Cu(II) to Cu(I
AlCl3,7 PtCl4$5H2O,8 InCl3/TMS
bases.12However, these homogen
have several limitations like sid
complexes, harsh conditions,
leaching out into the reaction
catalysts and require large exce
Therefore, the use of heterog
synthesis is rapidly growing
systems because of their seve
stability and tolerant to harsh rea
the catalyst, environmental frien
products.13 Thus, heterogeneou
utilized for the Click and Mic
instance, zeolites,14 polymers,15
supported Cu(I),16 silica,17 TiO2-n
aFaculty of Industrial Sciences and Technolog
26300, Kuantan, Malaysia. E-mail: sha_inh
bDepartment of Chemistry, Jessore University
Bangladesh
cDepartment of Chemistry, University of Raj
dFaculty of Science and Natural Resources, U
88400, Sabah, Malaysia
† Electronic supplementary information (
catalyst and all NMR data of the
10.1039/c6ra08155j
Cite this: RSC Adv., 2016, 6, 56450
Received 30th March 2016
Accepted 3rd June 2016
DOI: 10.1039/c6ra08155j
www.rsc.org/advances
56450 | RSC Adv., 2016, 6, 56450–564RSC Advances
PAPERPoly(hydroxamic
catalyzed C–N bo
Md. Shaharul Islam,a Bablu H
Md. Lutfor Rahman,*d S. S. R
Highly active poly(hydroxamic acid
modiﬁcation of khaya cellulose
processes. The prepared catalysts w
XPS analyses. The supported cataly
excellent yields of the correspondi
to recover from the reaction mixtu
catalytic activity.
Click1 and Aza-Michael2 reac-
formation reactions that have
odern scientic communities.3
mplex sources have been used
r Click reaction; Cu(II)/Cu(0)
u/Cu-oxide nanoparticles,5 in
) salts,6 for Michael reaction;
Cl,9 Bi(NO)3,10 boric acid,11
eous metal catalyzed reactions
e products, high cost of metal
long reaction times, metals
mixture, diﬃcult to recover
sses of reagents or catalysts.
eneous catalysts for organic
over homogeneous catalytic
ral advantages such as high
ction conditions, reusability of
dliness and easy to purify the
s metal catalysts have been
hael addition reactions. For
non-magnetic and magnetic
anotube,18 cellulose supported
y, University Malaysia Pahang, Gambang
a@yahoo.com
of Science and Technology, Jessore 7408,
shahi, Rajshahi 6205, Bangladesh
niversity Malaysia Sabah, Kotakinabalu
ESI) available: IR and UV spectra of the
products are available. See DOI:
57acid) functionalized copper
nd formation reactions†
ira Mandal,ab Tapan Kumar Biswas,ac
ashid,a Suat-Hian Tana and Shaheen M. Sarkar*a
) functionalized copper catalysts were synthesized by the surface
through graft copolymerization and subsequent hydroximation
ere well characterized by FTIR, FESEM, HRTEM, ICP-AES, UV-vis andsts eﬀectively promoted C–N bond formation reactions and provided
ng products under mild reaction conditions. The catalysts were easy
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Cu(0)19 have been used eﬀectively for Click reaction; whereas for
Michael addition MOF-99,20 silica sulfuric acid,21 Amberlyst-
15,22 cellulose–Cu(0),23 polystyrene–AlCl3,24 KF doped natural
zeolite,25 MCM-41 immobilized heteropoly acids,26 amine-
functionalized silica supported Co(acac)2,27 proved good cata-
lytic activity. Nevertheless, from green technology aspects, there
is still a high demand to explore more eﬃcient catalyst for
chemical transformation reactions. Nowadays, scientists are
continuing their eﬀort to investigate low-cost environmental
friendly and sustainable processes using renewable resources.
In this perspective, natural biopolymers (cellulose) could be
considered most acceptable material because it has some
promising merits like large abundance in nature, low density,
bio-renewability, universal availability, low-cost and interesting
mechanical properties compared to the glass bers.28 Therefore,
natural cellulose would be the perfect candidate to consider as
a solid support for catalysts.29 In addition, cellulose backbone
can be chemically modied and suitable metals coordinating
groups can be eﬀectively introduced.30 Currently, biopolymers
like cellulose,31 starch,32 alginate,33 gelatin,34 and chitosan35
derivatives have been used as supports for catalytic applications
with acceptable catalytic performance along with some draw-
backs. Eventually, it is particularly envisaged to unfold a more
general, simple and convenient catalytic process which could be
applicable to various substrates of diﬀerent nature under
pleasant and environment-friendly reaction conditions.
Keeping this view, in this report we used copper anchored onto
poly(hydroxamic acid) functionalized khaya cellulose as eﬃ-
cient heterogeneous catalysts for C–N bond formation via Click
reaction [Cu(I)] of organic azide and terminal alkyne, and che-
moselective Aza-Michael addition [Cu(0)] of aliphatic amines
with a,b-unsaturated compounds. The cellulose supported
copper catalysts were found highly active as well as chemo-
selective in the C–N bond formation reactions. The catalysts
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